Neutrophil activation has been implicated in the pathophysiology of preeclampsia. The aim of this study was to investigate whether neutrophil-derived reactive oxygen species (ROS) modulate adhesion to endothelial cells in preeclampsia.
Endothelial cell damage and dysfunction play a major role in the pathogenesis of preeclampsia. 1 Although the actual cause of this endothelial damage is not well known, neutrophils, through their ability to produce reactive oxygen species (ROS), are likely candidates. 2, 3 Superoxide anions (O 2 − )
influence the vascular tone either indirectly, by inactivating nitric oxide (NO) 4 and reducing the release of prostacyclin, 5 or by directly contracting smooth muscle. 6 O 2 − also reacts with NO to yield the powerful peroxynitrite anion (ONOO − ), which may alter vascular function. 7 We as well as other investigators have demonstrated that, in preeclampsia, neutrophils produce a significant increase in O 2 − . [8] [9] [10] Increased vascular expression of nitrotyrosine, which suggests ONOO − formation, is present in women with preeclampsia. 11 We recently provided direct evidence of neutrophil-mediated endothelial damage in vitro. In preeclampsia, the dominance of neutrophil O 2 − production over NO production results in the elaboration of the O 2 − derivatives, hydrogen peroxide (H 2 O 2 ) and ONOO − , both of which directly damage endothelial cells. 3 It is therefore plausible that the increased ROS produced by neutrophils may mediate the endothelial damage in women with preeclampsia. Before neutrophils can initiate endothelial damage, they must first undergo a series of cellular changes in order to adhere to the endothelial surface. 12 In preeclampsia, the expression of the β-integrin CD11b on the surface of neutrophils is higher when compared with neutrophils in a normal pregnancy. 13, 14 Additionally, the expression of intercellular adhesion molecule-1, an adhesion molecule that binds β-integrins on the neutrophil surface, is also enhanced. Increased intercellular adhesion molecule-1 expression in the uteroplacental arteries 15 and resistance-sized vessels of subcutaneous fat 16 suggest that neutrophil adhesion and transmigration are prominent features in preeclampsia. ROS have recently been shown to directly trigger neutrophil adhesion to the vascular endothelium. The O 2 − derivate, H 2 O 2 increases neutrophil adhesion to endothelial cells through upregulation of β-integrins CD11b, and CD18 expression on the surface of neutrophils in vitro. 17 In contrast, another oxygen species, NO, has been articles PMN Adhesion, ROS, and Preeclampsia demonstrated to prevent neutrophil adhesion to endothelial cells by reducing the expression of CD11b and CD18 adhesion molecules in vivo 18 and in vitro. 19 However, the effects of neutrophil-derived ROS on neutrophil adhesion to endothelial cells in preeclampsia is not well understood.
In this study, we investigated whether neutrophil-derived ROS modulate adhesion to endothelial cells in preeclampsia. We assessed neutrophil O 2 − production and neutrophilendothelial adhesion in normal nonpregnant women, normal pregnant women, and pregnant preeclamptic women, and then examined the effects of neutrophil-derived ROS on neutrophil-endothelial adhesion in vitro.
Methods
Study population. The study subjects included 8 pregnant women with preeclampsia, 10 women with normal pregnancies, and 8 nonpregnant women. Preeclampsia was diagnosed in accordance with the criteria of the International Society for the Study of Hypertension in Pregnancy, 20 which include a blood pressure >140/90 mm Hg and >300 mg of protein in a 24-h urine collection. Women in active labor were excluded. All subjects were nonsmokers without a history of hypertension or diabetes mellitus. Control subjects were matched for age and body mass index. The two groups of pregnant women were also matched for parity and gestational age at time of sampling. Mothers were cared for in the Maternity and Perinatal Care Unit, Kyushu University Hospital, and the nonpregnant subjects were volunteers. The Institutional Ethics Committee approved the study, and all subjects gave informed consent prior to participation. Procedures were in accordance with institutional guidelines.
Preparation of neutrophils.
A 25-30 ml heparinized blood sample was obtained once from each subject and neutrophils were isolated according to the following procedure: dextran sedimentation, hypotonic lysis of erythrocytes, and the Conray-Ficoll method. 3, 8 The cell population used for subsequent analysis had >98% neutrophils and <2% lymphocytes, monocytes, or eosinophils.
Isolation of human umbilical vein endothelial cells.
We used HUVECs to model common endothelial cell reactions. 21 The isolation and culture of HUVECs was performed using a modification of the method of Jaffe et al. 21, 22 Human umbilical cords were treated with collagenase. Harvested cells were suspended in Rosewell Park Memorial Institute 1640 medium (Gibco, Grand Island, NY) supplemented with 20% fetal calf serum, penicillin, 200 U/ml, streptomycin, 200 ng/ml, and l-glutamine, and cultured in a 5% CO 2 incubator at 37 °C. The experiments were performed when the cells had reached confluence after the second passage of the culture medium.
Neutrophil superoxide production. Neutrophils (1 × 10 6 cells/ ml) were suspended in a HEPES buffer solution containing 131 mmol/l NaCl, 4.7 mmol/l KCl, 1 mmol/l CaCl 2, 5 mmol/l glucose, and 20 mmol/l HEPES (pH 7.4) for 5 min at 37 °C before adding N-formyl-methionyl-leucyl-phenylalanine (FMLP) (10 −7 mol/l). O 2 − release was measured by determining the rate of superoxide dismutase (SOD)-inhibitable reduction of ferricytochrome c at 550-540 nm by means of a dual-wavelength spectrophotometer (model Hitachi 557; Hitachi, Ibaragi, Japan). 3, 8 The mean O 2 − value for each subject, obtained from three independent measurements, was used.
Expression of integrins on the surfaces of neutrophils.
Freshly isolated neutrophils (1 × 10 6 cells/tube) were stained with mouse antihuman monoclonal immunoglobulin G-specific antibodies for CD11a or CD11b (Becton Dickinson, San Jose, CA), which are considered to be the most functionally important integrins for firm leukocyte-endothelial adhesion. 23 The antibody for CD11a was R-phycoerythrin-conjugated, and the antibody for CD11b was fluorescein isothiocyanateconjugated. The incubation was on ice for 30 min. The cells were washed twice with 2 ml of washing buffer and centrifuged at 400g at 4 °C for 5 min. The cells were suspended in 0.5 ml of 1% paraformaldehyde. Neutrophil expressions of CD11a and CD11b were analyzed using flow cytometry (FACScan; Becton Dickinson, San Jose, CA). The results are expressed as mean channel of fluorescence intensity.
Neutrophil-endothelial adhesion assay. Neutrophilendothelial adhesion was measured as previously described. 24 Briefly, neutrophils (1 × 10 7 cells/ml) were labeled by incubation with 20 μCi/ml [ 51 Cr]Na 2 CrO 4 (Japan Radioisotope Association, Tokyo, Japan) at 37 °C for 2 h. After being washed twice, neutrophils were resuspended in culture medium. 51 Crlabeled neutrophils were pretreated with FMLP (10 −7 mol/l) for 5 min at 37 °C before being added to the endothelial monolayer. Human umbilical vein endothelial cells (HUVECs) were seeded onto a 96-well flat bottom microtiter plate (Falcon, Lincoln Park, NJ) at a density of 1 × 10 4 cells/well. After overnight incubation, 51 Cr-labeled neutrophils were added at a concentration of 4 × 10 5 cells/well. After 30 min of incubation at 37 °C, nonadherent neutrophils were collected and pooled with the first wash. The residual 51 Cr in adherent neutrophils was released with NaOH and quantified using liquid scintigraphy (Aloka LSC 5100; Aloka, Tokyo, Japan). The adherence rate was defined as the percentage of counts per minute (cpm) in the EC releasate, relative to the total counts per minute in media per wash plus EC (counts per minute EC releasate/ counts per minute media + first wash + EC releasate). In this study, >95% of the neutrophils were proven to be viable when assessed using the Trypan blue dye exclusion method, and visual inspection revealed the persistence of EC monolayers before NaOH lysis. All tests were performed in triplicate.
Effect of neutrophil integrins on neutrophil--endothelial adhesion.
In order to examine the role of neutrophil integrins in endothelial adhesion, neutrophils were pretreated at 37 °C for 5 min with FMLP (10 −7 mol/l) with a blocking monoclonal antibody to neutrophil CD11a or CD11b. Neutrophilendothelial adhesion was then assayed as described earlier.
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Effect of oxygen radical scavengers on neutrophil-endothelial adhesion. Of the women included (see Table 1 ), we selected five women with preeclampsia, seven with normal pregnancies, and seven nonpregnant women. In order to examine the role of neutrophil-derived ROS in endothelial adhesion, SOD (10 μmol/ml) (Sigma Chemical, St. Louis, MO), catalase (200 IU/ml) (Sigma Chemical, St. Louis, MO), or N G -nitro-larginine methyl ester (l-NAME) (10 mmol/l) (Funakoshi Lab., Tokyo, Japan) was added to the HUVEC-and-neutrophil coculture well before incubation. Neutrophil-endothelial adhesion was then assayed as described earlier. The clinical data relating to the normal nonpregnant women, women with normal pregnancy, and women with preeclampsia are summarized in Table 1 .
FMLP-induced O 2 − release by neutrophils was significantly higher in preeclamptic women than in women with normal pregnancies and in those who were not pregnant (P < 0.01) ( Table 2 ). There were no significant differences in mean channel of fluorescence intensity of CD11a among these three groups. However, in neutrophils of women with preeclampsia, the mean channel of fluorescence intensity of CD11b was significantly higher than that of neutrophils from women in the other two groups (P < 0.01). The percentage of neutrophils adherent to HUVECs was significantly higher in women with preeclampsia (20.6 ± 2.7%), than in women with normal pregnancy and those who were not pregnant (10.2 ± 1.2 in normal pregnancy, 11.0 ± 0.9 in normal nonpregnancy) (P < 0.01) (Figure 1) .
When neutrophils from each group were pretreated with a CD11b antibody and compared with untreated neutrophils, the percentage of adhering neutrophils in the preeclamptic group was significantly decreased (10.7 ± 1.1%) (P < 0.01), whereas there was no such reduction in either the normal pregnancy or nonpregnancy groups (9.0 ± 1.2 in normal pregnancy, 8.4 ± 1.2 in nonpregnancy). In addition, the percentage of adhering neutrophils did not differ among the groups after pretreatment with anti-CD11b. Anti-CD11a did not affect neutrophil adhesion in either the preeclamptic group or in the other groups. articles
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In preeclampsia, catalase significantly decreased the percentage of adherance (17.3 ± 1.8% in untreated neutrophils, 8.1 ± 0.5% in treated neutrophils) (P < 0.01), but SOD did not (Figure 2) . Neither catalase nor SOD affected neutrophil adhesion in women with a normal pregnancy or in those who were not pregnant. When neutrophils from each group were treated with l-NAME and compared with untreated neutrophils from the same group, the percentage of adherance was significantly increased in the normal pregnancy group (9.8 ± 1.4% in untreated neutrophils, 16.4 ± 4.2% in treated neutrophils) (P < 0.01), but not in the preeclampsia or nonpregnancy groups.
discussion
Neutrophil activation leads to neutrophil binding and transmigration through endothelial cells, with a subsequent release of the substances that mediate vasoconstriction and vascular damage. 25 This occurs through an interaction between endothelial adhesion molecules and surface receptors on the neutrophils. 26 The activation of leukocyte β 2 integrins (CD11-CD18 heterodimers) mediates the firm adherence of activated neutrophils to the endothelium. 23 Consistent with the deleterious role of neutrophil-endothelial interaction, vascular damage has been shown to be abrogated in various pathologic situations in the presence of anti-CD11b treatment. 23 Additionally, damage is attenuated in CD11b-deficient mice. 27 In this study, CD11b expression in neutrophils (but not CD11a expression) was increased in preeclampsia, consistent with results reported earlier. 13, 14 In addition, neutrophils from women with preeclampsia showed increased adhesion to endothelial cells when compared with those from normal pregnant and normal nonpregnant women. The increased neutrophil-endothelial adhesion in preeclampsia was inhibited by pretreatment with an anti-CD11b. These findings indicate that the elevated expression of CD11b on the neutrophils in women with preeclampsia is the cause for the enhanced adhesion of these neutrophils to endothelial cells.
Free radicals and oxidants can directly trigger neutrophil activation and adhesion to the vascular endothelium. H 2 O 2 causes upregulation of CD11b and CD18 expressions, with shedding of l-selectin, on the surface of human neutrophils. 17 These changes are accompanied by increased adhesion to endothelial cells. In addition, H 2 O 2 also upregulates intercellular adhesion molecule-1 on the surface of endothelial cells. 28 The level of intracellular leukocyte ROS is significantly increased during normal pregnancy and is further increased in women with preeclampsia. 9 − is expected to reduce the generation of ONOO − . ONOO − also increases neutrophil-endothelial adhesion by upregulation of CD11b/ CD18 expression on neutrophils, which then reduced neutrophil-endothelial adhesion. 29 In contrast to H 2 O 2 , NO inhibits neutrophil-endothelial adhesion by reducing CD11b/CD18 expression on neutrophils. 18, 19 We have already reported that neutrophil NO production is increased in normal pregnancy. 3, 30 As expected, in this study, treatment with the NO synthase inhibitor, l-NAME enhanced the neutrophil-endothelial adhesion in normal pregnant women. These findings suggest that the production of an increased amount of neutrophil-derived NO in a normal pregnancy inhibits neutrophil-endothelial adhesion in an autocrine fashion.
It is well known that NO reacts with O 2 − to produce ONOO − , 31 which increases neutrophil-endothelial adhesion. 29 When NO synthase is inhibited by l-NAME, it is expected that less NO is produced and more superoxide radicals are available. Indeed, we have earlier reported that the inhibition of NO synthase leads to an enhancement of O 2 − release in neutrophils in normal pregnant women. 3 Therefore increased neutrophil-endothelial adhesion in normal neutrophils treated with l-NAME would indicate that superoxide radicals, other than ONOO − , play a critical role under these experimental conditions. Whereas the administration of l-NAME affects neutrophil adhesion in women with normal pregnancies, it has no such effect in women with preeclamptic pregnancies. This may be the result of the dominance of neutrophil O 2 − production over NO production in preeclampsia.
We have earlier reported that, in women with preeclampsia, neutrophil O 2 − production is increased, whereas neutrophil NO production is decreased in comparison with normal pregnant women and normal nonpregnant women. 3 We have also shown earlier that the increased neutrophilderived H 2 O 2 in preeclampsia directly damages endothelial cells in vitro. 3 In this study, the increased neutrophil-endothelial adhesion in preeclampsia is most likely caused by increased in each group. SOD, superoxide dismutase; l-NaME, N G -nitro-l-arginine methyl ester. *P < 0.01, when compared with untreated neutrophils (control).
articles PMN Adhesion, ROS, and Preeclampsia neutrophil-derived H 2 O 2 . In addition to its effects on endothelial cells, H 2 O 2 is also known to be a direct arterial smooth muscle contractile agent. 32, 33 Therefore, increased neutrophilderived H 2 O 2 could directly cause the vasoconstriction responsible for the often-life-threatening high blood pressure that is characteristic of preeclampsia. In summary, this study provides direct evidence of neutrophil-endothelial adhesion in vitro. Neutrophils from women with preeclampsia demonstrate increased adhesion to endothelial cells. The increased adhesion is most likely caused by increased superoxide production, leading to increased hydrogen peroxide production and consequent increase in CD11b expression. In this manner, neutrophil ROS promote the adhesive interaction between neutrophils and endothelial cells, and this has been implicated as the first step in the neutrophilmediated endothelial dysfunction seen in preeclampsia.
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